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in the Department of Agriculture’s U.S. Salinity Laboratory came
up with a new vision of the future. First they studied the interplay
of plants, soils, salt, and water and evaluated new technologies

C H A P T E R T E N ’ such as drip irrigation. Then they showed how farmers could save
~ water and ease their drainage problems by striking a balance be-

I tween using too much water--the traditional approach to desert
~̄. agriculture--and using too little. Their techniques have the po-

lo ! tential to revolutionize the way we grow food in arid lands. TheyScience Searches r Answers
i

could enable farmers to grow more and better food with less water
,* and fewer chemicals, while spending less money and creating far

! smaller amounts of environmentally damaging drainage. But be-
! fore that can happen, science will also have to overcome the fears

F’OR THE DESERT FARMIN~G empires that now account for one-
third of the world’s agricultural production, there are two al-

ternative futures. One version is bleak: farmers keep using big
essence, that what goes in must eventually come out: all of the dis-floods of water to flush salts from their fields, as most do now, but

in time run out of places to dump the saline effluent. Salt and water i solved salts that farmers unavoidably put on fields when they it-

then build up underground until crops are either drowned or poi- rigate--salts that hitchhike in even the purest water supplies--
i must be carried awa)i sooner or later in drainage water. For mostsoned, and today’s desert bloom quickly withers. The other future

is brighter: farmers learn to irrigate gingerly, using only enough
water to keep the soil’ssalinity tolerable. Perhaps they capture the ~ possible without salt balance has been an article of faith in desert
resulting trickle of saline dmir~age and reduce ks volume further ~.

agriculture. In the name of salt balance, entire rivers like the San

by reusing it to irrigate salt-tolerant crops. Then they dispose of i
Joaquin, the Colorado, and the Ric; Grande have been-polluted

what’s left, concentrated by then into a much more easily managed- + with the saline drainage of desert farms. Generations of farmers
were afraid that if they didn’t use plenty of excess water to rinsefraction of the drainage they were producing before, thus keeping

salinity problems at bay for decades, if not centuries. !
away all the salts they were importing, then their fields would be

Which of these paths the future of desert farming will follow is ~ poisoned by the buildup. There was only one problem with salt

still uncertain. But if the future turns out to be bright, then his- ! balance: it was utterly unnecessary.
÷ For most of its half century of existence, the U.S. Salinity Lab-torians may find significance in what happened in. a cluster of

Moorish-style buildings at the foot of Mount Rubidoux in River- ~
oratory, housed on a parklike campus on a back street in a 1920s

side, California, in the late 1960s and early 1970s. There, in ace- ~t Riverside neighborhood, has stood in the front row of the salt bal-

rebral ferment that seems out of place in the humdrum world of ~ ance choir. In 1954, the labomtory’digested the results of its first

irrigation, a small group of soil and plant scientists and engineers ~ decade and a half of research and produced a definitive, text on
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managing irrigation inarid regions, titled"Diagnosis and Improve-
i

garded as the final word on th~ subject of salinity, and for a while

ment of Saline and Alkali Soils" and known in USDA shorthand as ~ the salinity laboratory’s w.ork appeared to have reached its logical

Handbook 60, in which salt balance was the one true gospel. In l
conclusion. "I can remember Bob Ayers, who was the extension

Handbook 60, a dozen of the lab’s most senior and credentialed i man for salinity at the University of California in Davis, telling me

scientists--including Charles Bower, a leading authority on soil
t

that at that time he thought that salinity issues were just about-

.chemistry, and Leon Bernstein, the world’s foremost expert on the i
dead, that there was nothing new coming out of salinity," said

salt tolerance of plantsmheld forth on matters of soil, salt, water,
i

Glenn Hoffman, an engineer who worked at the salinity laboratory

plants, and all of their interactions. The book’s centerpiece was its as a water management specialist from 1966 to 1984. Some knew

discussion of the leaching fraction, which it defined as the portion [ better, including scientists whose work formed the foundation for

of the irrigation water that must be trickled through the root zone ~ Handbook 60. "What Handbook 60 did, for one thing, was iden-

to keep soil salinity from rising above a given level. Handbook60 1 tify some knowledge gaps that needed to be filled by new funda-

boiled down the many complexities of the leaching fraction to a mental research," said Steve Rawlins, a soil physicist who joined
i the lab in 1964. "During the lab’s initial couple of decades, priorsimple yet elegant formulanthe ratio of the salinity o[ the irriga-

to the publication of Handbook 60, there was a lot of argumenttion water to the maximum salinity that could be tolerated by the
crop without a yield loss. Reduce leaching fractions to less than
that, tlie handb~ook said, and salt balance would be lost. The effects i of salinity into principlesthat could be applied. Then, after Hand-

might not be noticeable at first, but over time crop yields would L book 60, I think that was lost a little bit. There was a frustration

decline and the soil would be rendered unproductive. , ~that they couldn’t go any further because they didn’t have some

Handbook 60 became an instant classic. Its formulas and clas- ~ fundamental response functions" for things like the salt tolerance

sification schemes were transplanted directly into agronomy text-
books; to this day, agriculture students sit in lecture halls and listen
to their professors recite its terse, cadenced prose, only slightly al-

~ that had been identified with Handbook 60," Rawlins said.tered to disguise its true authorship. Among it~ virtues was its
brevity. In only 160 pages, Handbook 60 reduced the complexities During that period, Bower, Bernstein, and the lab’s other sci-

of soil and water chemistry in arid regions to a mere handful of i entists went back to the lab bench. Bernstein ran hundreds of tests
’ to determine, salt-tolerance curves for all types of crops, fromfundamental principles and algebraic equations. In the world of

Handbook 60, there were three types of saline or alkali soils: those ; strawberries and beans to cotton, corn, and alfalfa. Other scientists

with salt, those with sodium, and those with both. There were two . ! studied the details of soil chemistrynthe interplay of ions of such

factors affecting the usability of water--the salt content and the ’ elements as sodium, calcium, and magnesium in solutions of soil

proportion of sodium to other cationsmand four classifications for .~ and water. Still others looked at physical questions: How does

each, from low hazard to very high hazard. Seven principles i water move through the soil after irrigation? How much of it fills

guided management of arid-region soils for salinity and alkalinity; i the pores of the root zone and how much migrates downward past

five categories spoke to the salt tolerance of plants,
g the roots to the water table? As the 1960s progressed, the older

So simple and sturdy was Handbook 60 that it wa~ widely re- i
scientists were joined by younger ones eager to make names for
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themselves--bright, ambitious men with fresh doctorates from ~ to carefully control and monitor how much water each of his alfalfa
some of the nation’s best agricultural schools: California, Purdue, ~ test plants was given. The lysimeters--concrete pipes sixty inches
North Carolina State. Rawlins arrived in 1964 with a degree in soil i long and twenty-four inches in diameter, standing on end--each
physics from Washington State and four years of experience at an ~ held a single-plant or a cluster of plants. They had collectors at the
agricultural experiment station in Connecticut. Jim Rhoades, a.

!
bottom for drainage water and sampling points every twelve inches

chemist, came the tbllowing summer, while he was finishing his ~ along their walls, so that soil water salinities could be tested at var-
doctorate at the University of California at Riverside. Another ~ ious points in the root zone. The scientists fine-tuned their water
physicist,Jim Oster, .came that same year with a doctorate from ¯ i applications until they were running a different, carefully cali-
Purdue. H0ffman, from North Carolina State, arrived in the fall of brated leaching fraction in each lysimeter. In one group of lysim-
1966. i eters, leaching fractions were 25 percent, roughly what farmers

Of all the lab’s projects during that time, Bernstein’s plant work ~ outside the lab were using. Other lysimeters had lower leaching
appeared to be making the most progress. Bernstein’s basic mis- ~ fractions--12.5 percent in one group, 6.2 percent in another, and
sion was to reexamine the theoretical underpinnings of the.most l 3.1 percent in a third.
important Handbook 60 concept, the leaching fraction. It was no

~
According to the thinking that prevailed whe, n Handbook 60

secret in arid regions that some kind of leaching fraction was nec- i was written, the plants irrigated with the lower leaching fractions
essary; without the cleansing rains that are typical of humid cli- ~ should have been sickly. But very quickly Bernstein found that he
mates, the only way to flush excess salt from the soil was to apply ~ could cut the leaching fraction dramatically without seeing any
extra water. But Handbook 60’s simple formula for calculating, the yield reduction at all, especially with waters of low salinity. At the
leaching fraction was based on. experiments that Bernstein re- same time, some interesting things happened to the salinity of the
garded as suspect. The problem lay in the way the experiments had soil-pore water as the leaching’ fraction was reduced. Instead of
been designed. To gauge the tolerance of plants to saline water there being a constant level of sglinity from the top to the bottom
around their roots, previous researchers had given their plants lots ’ of the root zone, a gradient developed with less saline water at the
of water, enough to ensure that there would be no change in the ~ top and higher salinity at the bottom. Moreover, Bernstein’s plants
salinity of water from the soil surface to the very bottom of the root adjusted to the salinity changes by altering how they took water
zone. Each root would then be exposed to "soil-pore water" of the ~ from the soil. Instead of taking relatively equal amounts of water
same salinity, no matter whether it lay near the soil surface or far i

’ from each depth in the root zone, the plants began to show a pref-
below it. This approach made experiments simple to design and erence for the low-salinity water at the top. Their roots absorbed
easy to reproduce, but it required heavy, steady irrigation, enough ~ large amounts of water in th~ first few inches of the soil and pro-
to maintain a consent downward flux of water through several ’ gressively less in the lower,, saltier regions. In effect, as the water
inches or even feet of soil. # trickled downward, the plants concentrated the water and its salts

With help from agronomist Lee Francois, Bernstein tried to de- ~ into a smaller and smaller volume. This finding was tremendously
termine how plants would respond if their water rations were cut

i
significant.. Whereas plants watered in the traditional way un-

to less than what was needed .to keep soil salinities constant. Work- leashed great floods of water at the bottoms of their root zones,
ing in a greenhouse, he used a series of devices called lysimeters

~
Bernstein’s stingily watered plants releasedsimilar amounts of salt
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in much smaller volumes of water. The plants, in essence, were
wringing all of the utility they could from the irrigation water be-
fore letting it go. And then, instead of a torrent of hard-to-manage ~ water and led farmers to flush benign salts out of the soil, whe~:e
drainage, they released a tiny trickle.                     ~

While Bernstein studied his lysimeters, over in soil chemistry, ~ they could cause all kinds of problems.
Bower and his young assistant, Jim Rhoades, were coming up with

i While all of this was going on, the soil physics group led by
similarly provocative results. Bernstein’s findings, for all their im-
portance, did not represent a direct indictment of salt balance. For

1
find a way to moisten a patch of soil as uniformly as possible and

the most part, the conventional wisdom remained intact: every with as little wasted water as possible. Traditional irrigation sys-.
molecule of salt that came in with the irrigation water would have terns, little changed since their development in ancient Egypt and
to leave with the drainage, albeit in more concentrated form. But ’. Sumeria, relied on gravity to move water around and get it into the
the soil chemistry group was onto something altogether different.

[ soil. Rawlins was convinced that modern irrigation systems, such
Setting up their own rows of lysimeters, Rhoades and three collab-

i as sprinklers or drip irrigation, ~ould be far more ~-,,~ ~cient. The new
orators sowed alfalfa and irrigated it with waters of eight different ~ systems had one thing in common: they were pressurized. Instead
salt and mineral compositions, ch.osen to represent a cross section ¯
of irrigation waters from the western United States. For each type
of water, they set up three experiments, one using a high leaching
fraction, one moderate, and one low. In all, there were twenty-four
experiments.

¯ They found, as Bemstein did, that there was no obvious yield
reduction at the lower leaching fractions. But they also did calcu-
lations to determine how much salt was entering the lysimeters .
with each irrigation and leaving in the resulting drainage, and they

k field the conditions Bernstein created in the lab with his lysime-
found, oddly enough, that less salt was leaving than had entered.

[ ters--a gradient c~f ..,eadily increasing salinity from the top to the
Rhoades and the others surmised that some of the salts--mainly
calcium-based salts--were precipitating in the subsoil as carbon- l bottom of the root zone.

ate and gypsum minerals. These m!nerals were largely innocuous; i Each cluster of scientists at the salinity lab during that time was
unlike the more dangerous sodium ions, which can bind tightly ~ discovering things that defied the conventional wisdom about how
with clay parucles and turn soil into a tightly packed powder that

i toirrigate a desert soil. Bernstein was demonstrating that crops
repels water, the calcium and magnesium ions were harmless un- i would tolerate higher salinity than had been supposed; Bower and
less dissolved in water. And reducing leaching fractions had an- Rhoades were showing that some salts could be parked in the soil
other beneficiale~ect~it slowed the natural"weathering"or indefinitely, instead of being drained away; and Rawlins’s group
breakdown of soil particles into simpler particles, many of which was proving that pressurized irrigation systems could drastically
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reduce wasted water. But for a long time these tantalizing pieces and sent to Riverside, "because that was small enough that I

remained just that, pieces, and no one knew what the puzzle was. couldn’t do .any damage."
supposed to look like. His career up to that point had been exemplary. Born in the

One reason was the lab’s peculiar culture. Under Bower, who Netherlands, he came to the United States in the late 1940s and

was the lab’s director throughout the 1960s, the freewheeling de- ~0t three agricultural engineering degrees--bachelor’s, master’s,

bates that had accompanied the development of Handbook 60 doctorate--from Iowa State University. He moved to North Car-

were set aside in the interest of producing publishable research. 6iinaSt~te University as a professor of agricultural engineering,

Pardy, Rawlins said, this shift was attributable to Bower’s personal- then joined ARS in 1962. "He was in research for only about ten

ity: "His concept of doing research was, ’You run some experi-. . yea~s, bt~t he was editor of the Agronomy Society’s monograph on
ments, you get some data points, you draw a line through them . drainage, which is a world’s authority book," Hoffman said. "He
and you publish it.’" But Bower also seemed threatened by the I

had already gained the respect of everybody in the world in terms

younger scientists and their powerful egos. He clashed with Raw- ~of his d~ainage authority." In Washington, his job had been to do

lins over an expense voucher and held the grudge for months;
~ theagency’s dirty work; when there was a need to fire someone,

he fell out with another young scientist--a man who had been his he broke the news. From that experience, he learned to be simul-

protege--when he learned that the younger man was. talking to
recruiters from a university agriculture department. And he grew seems to come onlyto those who have mastered English as a sec-

weary of mediating intramural fights among the young scientists, ond language. He had a rare ability to understand and synthesize

Rhoades and Rawlins were barely speaking; though the disagree- raw research ~esults and to sense the common threads that could

ments were mostly scientificmRhoades liked to base his work be melded into new practical .knowledge. And having been

strictly on the results of his experiments, while Rawlins preferred bounced out of the nation’s agricultural research hierarchy in mid-

to formulate sweeping theories that could be applied more widely career, he had Something to prove.

--they were nonetheless intense. Even the more mild-mannered
scientists, like Hoffman and Oster, saw themselves as rivals for the saiinity lab’s recent work because he had supervised it from

funding and recbgnition. Bower did little to soothe these matters : ~one step removed, but he could afford to take a broader view than

and retired in 1971’, soon after he became eligible. ~he S~ientists themselves. Bernstein thought that his plant work

It took more than a year for the Department of Agriculture to "opened ~h~ door to using saline waters for irrigation, and it did;

name his replacement, and when the selection was finally made, ~Ra~.w.lins. believed that his studies of irrigation technology would

the choice was a surprise: Jan van Schilfgaarde, a respected drain- i
permit. farmers to stretch scarce water supplies, and they did;

~ Rhoades felt hissoil chemistry research would help reduce saltage engineer and assistant director of the soil and water division
of the department’s Agricultural Research Service. Until then, van ~ loading into rivers like the Colorado, and it did. But until van

Schilfgaarde had been Bower’s boss, overseeing the salinity lab ~ Schilfgaarde’s arrival, no one had assembled all of the pieces, find

and several other ARS stations, But in Washington he had just led mutual animosity was getting in the way. ’

an unsuccessful middle’management revolt against a proposed Van Schilfgaarde quickly sized up the situation: "They thought

agency reorganization plan, and in retaliation had been .demoted they w~re competitors, especially for money." He immediately en-
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listed Rhoades, Rawlins, and Bemstein to hdp him write a paper talking about farm water management improvements" as a way of
that would meld the lab’s findings into a new ethic of water con- re~ducing the river’s salinity. "Well, it didn’t take Jan very long at
Servation for desert farmers. He also lo.oked for money to set up all to get started on that one."
demonstrations, figuring that an influx of cash would force the sci- A few weeks later, van Schilfgaarde was called to meet Herbert
entists m settle their differences. "I think most of the ideas were Browndl, whom President Nixon had appointed to negotiate a set-
already there, and I don’t think Jan did the integration himself; I tlement to the salinity problem. Van Schilfgaarde recalled:
think it was shared," Rawlins said. "But what he did do was he built He said; "We have a proposal from Interior to solve the problem by
a team. That’s a good way to build a teammthrow down a chunk having the federal go~iemment pay for it and build a desalting plant.
of money and say, ’In order to have some of this money, you’ve got My contacts at the Office of Management and Budget tell me that’s not
to work tog.ether.’" a good proposal. I want you to get me a counterproposal, based on

"One thing that’s unique about Jan," Oster said; "is that he can agricultural insights, and I’d like to have it before you leave town."

stir people up and lead them without causing internal frictions that This was on a Wednesday. And I told him that he was crazy, that I
wasn’t about to do that. That first of all, I didn’t even know where

aren’t resolvable ....He didn’t bang heads. It was question-and- Welkon-Mohawk was. I hadn’t been in the West long enough.to know.
answer time. It was sitting down and writing a paper." Without van I had to get out a map to find out where it was, and he thought that
Schilfgaarde’s leadership, Oster said, "We would never have struck I, by myself, was going to write a counterproposal to an agency that
out to combine that research into a minimized leaching concept. " spent five years learning about it?

Hoffman wasn’t inclined at that stage of the game.Jim Rhoades has So he said, "Well, I have a car standing by. I’ll send you over to

since developed that sort of leadership ability, but back then he
OMB, and there are some EPA people over there. You can find out
what kind of work they’ve done, and I would very much like to have

was still stuck at the lysimeter stage. It was just a matter of good your insights by Friday night." Well, I finally dickered myself into
timing, and Jan being the kind of leader who could bring it about¯" Tuesday night, which still wasn’t very much. time. I called the lab and

told the guys more or less verbatim what I’d been told, because I didn’t
Van Schilfgaarde brought his diplomatic skills ~o bear outside the know enough to give them any instructions. I said, "Cancel anything
lab as well. At a meeting of soil scientists, Rhoades and Oster ran you’re planning this weekend. We’re going to be working Saturday and

into Ron Reeve, a former salinity lab scientist who had moved into Sunday to see what we can do." And that’s what we did; we developed

the ARS hierarchy and had just been appointed to a committee that
a counterproposal.

was studying ways to reduce the Colorado River’s salinity. Presi- Van Schilfgaarde, Rawlins, Rhoades, Oster, and Hoffman spent
dent Nixon had promised Mexi~n President Luis Echeverria that the weekend around a table punching numbers into desktop cal-
the United States would try to resolve Mexico’s longstanding griev- culators and writing them on chalkboards, referring to wall maps
ance over the high salt levels that the river carried when it reached and stacks of reports from other agencies. "We had access to some
Mexico’s diversion point at Yuma. The front-running solution was worthwhile reports," van Schilfgaarde said. "The Bureau of Rec:
the giant desalination plant the Bureau of. Reclamation wanted, to lamation had gon.e to the Agricultuie Department earlier and asked
build at the river’s edge just north of the Mexican diversion. "Jim for advice when the drainage problem first started in the early
and I came back from that meeting," Oster said, "and mentioned 1960s. So in the files there were a number of reports that gave us
to Jan that as far as we could tell nobody was going in there and areas and numbers and drainage volumes and cropping patterns.’~
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From these data, the scientists produced a short memo that out- right, but politically I can’t sell it." I said,"Well, you’re the ambassador;
I’m the engineer. That’s your privilege." Obviously I was disappointed,

lined how improving irrigation efficiencies in the Wellton- but I had no hard feelings.
Mohawk Valley could accomplish the same things as a desalting
plant. From 220,000 acre-feet of drainage that Wellton-Mohawk " Archives from Brownell’s assignment make clear that the salin-

farmers produced each year, desalting would have generated some ity lab’s plan was torpedoed by the seven Colorado River basin

45,000 acre-feet of salty brine, which would have been dumped states, who wanted.to make sure that the full burden of whatever
into the Colorado delta below Mexico’s diversion. The remaining solution was chosen would fall on the federal government. Since
175,00’0 acre-feet, its salinity now acceptable to Mexico, would the lab plan.required Wellton-Mohawk farmers to make wholesale

have gone into the river. Implementing the salinity laboratory’s changes in the way they irrigated, it would not have met that re-
plan, farmers would have improved their efficiency by enough to quirement, and the basin states stubbornly refused to consider it.

reduce their diversions from the Colorado by 181,000 acre-feet per I Yet the lab’s plan .clearly appealed to the White House’s budget

year. That water would have stayed in the river for Mexico’s use, l
watchers. The OMB protested Brownell’s desalting plant recom-

while the valley’s remaining drainage, totaling only 39,000 acre- { mendation even after it went to Nixon; the president’s science ad-
¯
feet--essentially the same amount as the desalting plant’s briny ~ visor ~nd the chairman of his Council on Environmental Quality

reject stream--would ha.ve been dumped into the Colorado delta .[ voiced objections as well. Their joint letter prompted a testy re-

just like the desalting plant’s brine. "We projected into the future sponse from the usually diplomatic Brownell: "The memorandum

and showed that you could achieve essentially the same thing by fails to cover the attitude of the basin states. " [and] without their

management as you could by desalting," Rawlins said. . - support one does not have a solution to the problem with Mexico."

Van Schilfgaarde said Browndll was struck by the fact that the The OMB used its influence with White House Chief of Staff H. R.

salinity laboratory’s proposal would save almost the same amount Haldeman to keep Brownell’s recommendation from reaching Nix-

of fresh water as the desalting plant at a much lower price. At the on’s desk fo~ several months, but in the end the states got their way.

next meeting of his task force, when OMB delegates made a strong Shortly after Nixon accepted Brownell’s proposal, the salinity

pitch for the salinity lab’s plan, Brownell directed that impioving lab’s plan was reborn. Without warning, the Bureau of Reclama’-

the valley’s irrigation efficiency be studied further, although his tion revised its estimate of what the desa~lting plant would cost

principal remedy remained a des~lting plant. In an interview in from forty-two million dollars, as it had promised Brownell, to

1989, Brownell said he was reluctant to embrace the lab’s pl.an be- sixty-two :.llion dollars, an increase of 48 percent in less than a

cause it was unproven, but van Schilfgaarde saidBrownell gav.e year. Bureau officials blamed inflation, refinements of sketchy ini-

him another explanation: tial plans, and unforeseen factors such as the need tO buy some of
the desalting plant’s power from costly private sources. But Brow-

He called us back in December and he said, "1 have made my decision, nell smelled a rat. "That’s what happens to all big federal projects,"
My report is handwritten so there can be no leaks, and I will present he said. "Eve.rybody underestimates the costs to get the thing
it in person to President Nixon tomorrow." But he wanted to brief us started, then after it’s started they figure they can be more realistic.
first, since we had given him input. So he talks for half an hour or so
to tell us what he was going to do and why. He ignored my proposal ¯ and get additional money so the original money won’t be wasted,"

dntirely. He called me aside afterward and said, "Technically, you’re he said. "It’s the bureaucratic attitude." Equally annoyed was Nix-
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on’s national security adviser, Henry Kissinger, who had been an rushed deadlines, van Schilfgaarde w~s able to build a convincing

early supporter of the desalting plant, which he saw as a painless case in the committee meetings foi what his scientists were pro-

solution to a nagging diplomatic problem with Mexico. "It just it. posing. Still, the desalting plant’~ backers in the Bureau of Recla-

ritated the holy hell out of him that he had obviously been snook- mation clung tenaciously to their cherished blueprints.
ered," van Schilfgaarde said. "That’s the way he looked at it. His "The Bureau of Reclamation from the beginning tho.ght this

didn’t say that, but the ton~ was harsh and it’s pretty obvious on-farm program was foolish," van Schilfgaarde said. "It was likeletter
that he was pissed off as hell. And that was our entree." pulling teeth all the way through. The bureau started out with the

idea that this was not possible, that obviously Wellton-Mohawk

Concern over the desalting plant’s escalating costs gave a boost to was one of the best irrigation districts in the world and therefore

plans for an interag~ncy task force that would look into the salinity we couldn’t possibly improve its efficiency." But van Schilfgaarde

l̄ab’s ideas for Wellton-Mohawk. Brownell had proposed the panel had the bureau outnumbered. He had formed an alliance with an-

almost as an afterthought to the de.salting plant, a hedge against other Department of Agriculture official and with the committee’s

what he saw as the remote chance that the plant’s reverse-osmosis two Environmental Protection Agency delegates, whereas the bu-

desalting technology might not work. After Kissinger’s outburst, reau had only three representatives. He also worked on the con-

the committee suddenly had attention from the upper levels of the sciences of tl~e bureau offidals, appealing to their sense of

White House. As long as the seven l~asin states controlled fourteen . engineering ethics, which they like him had acquired through

Senate votes, including key committee assignments overseeing the years of rigorous technical training:

Department of the Interior, the Bureau of Reclamation, and their . We insists,’, ...::od water measurement. At one stage, we had a meet-
appropriations, prospects for doing away with the desalting plant ing. It got,~ ;:. ’-- ~aucous; we were arguing about whether the district’s
altogether remained dim. But if the task force could provide evi- water mea~ ......~ents were any good. A couple of the bureau engineers
dence that the salinity lab’s methods would accomplish the same insisted they were just excellent. We said we didn’t think so, but I

ends, then there would be at least a slim chance, didn’t have any real basis for that except hearsay. So we decided to call
the water master and get in the car and go out to Wellton-Mohawk

The task force was based in Washington and consisted of agency and ha~ie him show us how they measured. When we got there, the
¯ heads and other policymakers; van Schil[gaarde was appointed to zanjero [ditch tenderi opened a gate, then went to his pickup and get

a field-level technical committee that did much of the nuts-and- out his impellor, water meter, which is a perfectly good piece of equip-
bolts work. By then, the minimized leaching concept was further ment if things are going right but doesn’t work worth a damn if there’s
along than it had been during that rushed weekend meeting. The air coming out of the pipe with the water, and this thing was. bubbling

lab had finished its minimized leaching paper and was working air like mad. The meter has a needle on top that goes around, and he

with another Department of Agriculture agency, the Soil Conser- used a wristwatch to time it, which was not very accurate. And the
needle was broken off, but you could see there was a scratch on the

vation Service, to test the minimized leaching concept in a corn- shaft, so he was just watching the scratch go around. Then he looked
field near Grand Junction, Colorado, where over.-irrigation was at a table and converted his measurements from one-decimal-place ac-
pushing salt out of the naturally saline soil and into th~ Colorado. curacy to three,place accuracy by interpolating, essentially. Those of
In addition, because he was no longer operating under Brownell’s us who were engineers were just standing around saying, "My God.
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Jesus." Then--and this was the clincher--he took the meter out and
tossed it into the bed of the pickup from about ten feet away, and it would godown on a Sunday afternoon. We would arrive late, and the

motel operator would Leave the back door unlocked for us. There waslanded on the bearing. Nobody said anything. We’d made our point,
a big feedlot there at the time, and there were truckers hauling manure

In the end, van Schilfgaarde said~ the bureau people were ready out of the feedlot, so some of our rooms smelled kind of ripe, de-
to concede that the salinity lab’s plan could work--that the pending on who was staying there the previous week. We probably
Wellton-Moh.awk farmers were using so much water that a simple ’ made them smell worse after a day or two.
conservation effort incorporating minimized leaching would be

There were two principal growing regions in the Wellton-likely to reduce drainage flows by enough to eliminate the need for
Mohawk Valley. Along the south edge, just north of the presenta desalting plant. But the engineers were unable to get their su-
route of Interstate 8, was a high, sandy mesa dotted with ten thou-periors to sign off on the idea, so a curious compromise was struck,
sand acres of citrus groves. Growers in that area had fallen into the"We proposed to do both," van Schilfgaarde said, "to put in the
habit of giving their trees at least twice as much water as theyon-farm improvements, and at the same time to build the desalting
needed. They built low dikes about every sixth row of trees andplant. It was a lousy compromise in a technical and financial sense,
flooded the resulting basins. "There was a little bit 0fa slope, andbut politically it was interesting." The panel c~ncluded that it
~ the soil was very sandy." Hoffman said, "so they would have towould be cheaper to improve the efficiency of the Wellton-

Mohawk farmers than to Operate the desalting plant, let alone apply ten inches in order to get the water six inches deep over the
entire area." Even to the casual observer, the results were obvious.build it, so even if the plant were constructed, the government ....
There was water running o~t of the slope of that mesa, e|ght feetcould still abandon it, continue to implement the on-farm ira-

above the valley floor," recalled one Wellton-Mohawk farmer, Bobprovements, and justify the decision under a cost-benefit analysis.
Woodhouse. Below, on the low ground Woodhouse farmed, the.Van Schilfgaarde said this odd compromise was proposed by a bu-

reau engineer, John Maletic, he agency s water quahty office chief,
were giving their crops, primarily alfalfa, cotton, and melons;

t ’ ¯ over-irrigation was less extreme but still notable: farmers there
"Even though he was a dyed-in-the-wool bureau man, he really

about one-third more water than they needed.saw things our way," van Schilfgaarde said. "It was an obvious non-
The scientists set up sepa.rate experiments for each area. On thesense statement, but by writing it.that way he was able to get every-

sandy mesa, they installed drip irrigation in a mature grove of Va-body to sign off on it so we could go ahead with the on-farm
program." lencia oranges to precisely control the amount of-water that went

to each. tree. After calculating how much water an average tree re-
A few months later, in 1974, the EPA came through with a grant

l
quired for evapotranspiration the scientists then applied that

for the salinity lab to do s~me demonstration projects in Wellton-
i.

amount plu~ one of three small leaching fractions. "We put on
Mohawk. The scientists holed up in a motel in Tacna, a dusty

t
what we thought was ET plus 5 percent, plus 10 percent, and plus

truck-stop crossroads at the center of the long valley. Said Hoff- 20 percent, to see how much water was really needed over the long
man, who led the field teams:

t
term," Hoffman said. "And what we found was, it took five years
before even the 5 percent leaching was not sufficient."        .The scientists went down [from Riverside] with the technicians for

i Down on the valley floor, a similar experiment was conducted.~veeks at a time to put the experiments in. There was one motel. We
[ The scientists divided a twenty-acre alfalfa field into two portions.
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On one, measuring five acres, they installed what they called a desalting plant just upstream of Yuma, costs for the full-sized plant
"traveling trickier," a giant device similar to the center-piv0t sprin- ballooned from the -forty-two million dollars that Brownell was
kler rigs that farmers on the Texas high plains use, only fitted with promised in 1973 to a July 1977 estimate of .qi. .itlion--an¯
drippers instead of sprinklers. On the other, they created a "dead- increase of nw~c than 300 percent. Inflation accounted for only
level" system with a big gate in one corner to let the water in and one-third of the increase. The plant’s estimated completion date
a perfectly leveled field that allowed it to spread quickly. "The idea also slipped: Brownell had predicted the plant would be ready
was to apply the water in a large volume, very quickly," Hoffman by 1978, but when that date arrived, the bureau was saying that
said, "so you could put the same amount of water on all parts of . completion was still four years away. In the technical committee
the field. We would put on fifteen cubic feet per second of water, meetings, van Schilfgaarde goaded the bureau engineers into re-
and in less than an hour we’d have six inches of water across fifteen evaluating the need for the desalting plant in light of the early
acres." results from the on-farm program. As he expected, the results

The twin experiments established beyond any doubt that leach- sh~wed that extending the effort to the entire Wellton-Mohawk
ing fractions in the valleymand the drainage volumes that re- Valley would eliminate the need for the plant altogether. The com-
sulted-£-could be cut sharply without affecting crop yields..Soon, mittee produced a report, and in early 1979, when the bureau
the Soil Conservation Service was offering cost-sharing grants to went to Congress to ask. for still more funds for the desalting plant,
farmers on 23,800 of the valley’s.65,0.00 acres for irrigation effi- the salinity lab’s scientists decided to intervene.
ciency improvements modeled on the salinity lab’s methods. "We Rawlins made an appointment with one of his neighbors,
demonstrated that we could make progress," van Schilfgaarde said. George Brown, who happened to be a member of Congress and sat
"But in the process, we ran into one problem after another when on the House Interior Committee:
the bureau realized that we were trying to crack down on the size

In my unofficial capacity as a citizen and a taxpayer, my wife and I satofthe desalting plant." The technical committee was still con- .down with George Brown one day in his office and told him what was
vened,~and van Schilfgaarde and Rawlins attended the increasingly going on. And he said, "I don’t like it any better than you do. I’ll take
tense meetings. Rawlins said: this up and deal with it, and if it turns out that it’s something we can

win, I’ll take full credit for it. If it’s not, you won’t hear anything aboutBoy, those were some rough meetings, let me tell you. The people who
it." Of course, as a government employee I certainly didn’t want mywere there from the bureau were just like a military organization. They

had this te.c.hnology that they were going to use come hell or high name used.

water. Even their own economist pointed out that there were better It was a high-risk strategy, but it won tacit approval from van
ways of doing it. In fact, he pointed out that the cost of the de.salting. Schilfgaarde. "It was strictly against the rules," he said. "I felt that
plant, just to r:.m it, was equal to the entire gross product of the

( I couldn’t afford to get caught, but if he [Rawlinsl wanted to, thenWellton-Moha~.: g Valley. -
what the hell." After the meeting, Brown began a sustained--and

Meanwhile, the plant’s costs continued to escalate, fueled by ram- in the end, partially successful~attack on the desalting plant,
pant late-1970s inflation on top of the usual bureaucratic revi- with salinity lab scientists steadily shipping him incriminating
sions. While the bureau busied itself building a small pilOt . documents. Van Schilfgaarde said:
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He wrote a letter to the secretary of the Interior asking whether alli with the tiny fraction of salty drainage that remain~ed after leaching
alternatives had been considered and whether in fact we had ,to go ,.

-"~fracti0ns~had’ been’~ reduced a~ much as possible ............¯ ’, ~through with the desalting ~lant, and the ~nsw~r he got was that~ t~here~ ~~, Oh the Chalkboiard~ th~s fg~r~bi~m ~i~ou[d :not ~,av’e f.xi~te~k Re-
~. were no alternatives. [Brown]’ then: returned the letter, with a copy td

the White House, sayin~."You’ve just told me that "there’are no" alte’r2
.̄ natives. Then how¯come I have in my hand a report from one of your.
committe~ that.discusses half a.dozen alternatives?" In other words,:our repon. .W.e. fed h, im all the Stuff that~ h.~e neede~d, but obviously not

~ Officially;.o ..... . : .......
.......~.’.. :.. ......... ~:~ , ~:,;:. ;.,. /=,. .....:,:, :.o ;:- ....... ~:~

? .Brown ¯ botddd up Intdrioi’s apfgropfiai~onsrequest’~ " "for ’~more ~’ ~~"
’:take’all of thk drbp-pr0diJcing value out of it," Rawlins said. "You

than a year:’ "That put the buieau 0~i notice tha~t’ they had better ¯ " " .....
pay some attention to the on-farmprogram and hot just gi~it lip

just can’t ~rngate that umformly. There’s. always some water that
....... leaks past. You:alw@s’fia8 a higher Idaching fraction th~n~

service;", van "Schilfgaarde said. ’Although Brbwn" filtirhatelY oretical model W~Siild ~redic~t~" arid ~6~y0,~" always~ ended up with acouldn’t kill the desalting plant, he was able to get its ~apaci~y. ...~.
downsized from ninety-six to sd~,en(y-three million gallons per day~ bit more drainage water."

, -
and to get the on-farm improvements expanded from 23,800 acres. : , ......
to 38,0.00 acres. The effort paid dividends: by 1981, the valley’sI

former rivals Rh0adesand Rawlihs joined forces to set up experi-
ments’in two of California’s most important agricultural valleys~

average leaching fraction had dropped from 31 percent to le.ss than
12 percent; and the amount of salty drainage St was dumping into.
the Colorado had been cut in halfl But cohstructidn--Z"as weli as~ reusing drainage water by alter~ating high-~alinity drainage .a.nd

delays and dost escalationZ--~ontinued 6n thddeshl/ing pl’ahti:.i.......... ~ the’.Lost-Hills Water District;~ located in the remote southwestern
When at last it. was deemed~0mplete iff 1992, the ~plant had cost
$226 million~to’ build; and Would cost eleven million to- tl~!rt~7’,

,At that :tim~¢ the statd
three million dollarsper year t6 :i’Un;dei~ehdi~g otfh0~;~mti’~h it

the federal Bui~eitfi 6f R~dairia~iO~"~e lau~hin~ a~otl~:e’r in an
was used.’Meariwhile~ foralmo~t ~ctly ~h~’s~m~: results, the fed-

~interminable ~eries:bf’s~fudi~g of~t~i~al!~yls~i ~e.re drain’age p~Qb-
eral government had spent less then thirty million dollars to im;:~i~
prove the irrigatibn effiCienq~, ~ . ~, ,,Of, the,~ ¯ Wellion-Mohawk                          ~alley’s :,

troyersial: drain to t~e Sacramento-San Joaquin delta. Correctly

As it~’Welltc~n:Mohawk project matured, the salinity lab’s scien- els~ wa~,speakiffg
fists moved on to other things. Having already, demonstrated how be the reuse of these drainage waters. So I wrote ,a.paper and went
farmers could reduce their drainage to insignificant levels by using to a meeting and pr~ented it. In away, I didit as a challenge, to
efficient modem irrigation methods, the sdentists~especially ~ say,.’Hey, you guys really~ ought tO’be consideringthis~’".Xhe, pa.-
Rhoad~/~i~i @wlin~s ~"=r~r~ec~ t~"~ reihted’.questio~: what to d~-.~



200 Mirage ~ Science Searches for Answers 201

of Civil Engineers, challenged the state water planning agencies to ’ ration. There were two water sources: water with relativelylow sa-
prove him wrong in his basic contention: that moderately saline linity from the Colorado River, and water from a local stream,~ the
drainage waters could be used on many different crops so long as Alamo River, which consisted mostly of drainage from Imperial
fresh water was used at the crop’s most sensitive stages, especially Valley farms. The Alamo water was about three times as salty as

germination, and so long as subsequent crops were watered with the Colorado water. Rhoades used the fresher Colorado water to

fresher water so that sahnlty d~d t build up to dangerous levels in establish Seedlings on all rotations, but for subsequent irrigations,

the soils over time. he substituted salty Alamo water for one-half to two-thirds of the

Rhoades’s ploy had the desii:ed effect: four agencies--the DWR, cmps’.water needs. He planned the rotations to include both salt-

the bureau, the Lost Hills Water District, and the Kern County tolerant crops like cotton and more sensitive crops like alfa!.fa and

Water Agency, which was the water wholesaler for that region-- melons, and he set up his irrigation schedules so that, after a period

accepted the challenge and agreed to pay for testing Rhoades’s of watering a salt-tolerant crop with Alamo water, he then watered

reuse scheme on cotton fields in the Lost Hills area. The plan was a sensitive crop with Colorado water. Although soil salinity levels

to establish seedlings using low-salinity delta water from the Cal- rose when the Alamo water was used, they dropped when the Col-

ifornia Aqueduct, the region’s major canal, followed by higher sa-
oradb water was sub, sti~ut,ed;’ in. the end, the soil salinity was

linity drainage water during later growth stages. An unexpected roughly what it was in the beginning, and there was n9 reason why

complication arose during, the experiment’s second season: the re- the entire cycle couldn’t be repeated over and over in perpetuity.

gional groundwater, which had been rising slowly over time, shot~ For all the crops and all of the combinations of Colorado and A1-

suddenly upward: Practically overnight, the water table rose from amo River water, the results were essentially the same as in Lost

fifteen feet below the surface to less than three, and it became dif- Hills: yields were no different from those produced by a steady diet

ficult to sort out the effects of the saline irrigation water from the of low-salinity water. ~ :

effects of the high though somewhat less saline water table. None- The results of these two experiments supplied a way to circum-

theless, yields on the drainage-irrigated tracts were nearly identical vent the dilemma identified by Rawlins~that no matter howler-

to those watered purely with low-salinity canal water. - ficient their irrigation methods, farmers would never be able to

Rawlins left the salinity lab in 1980, moving eventually to an reach the theoretical minimum leaching fractions that could .be

administrative job in the Agricultural Research Service’s-national produced in the lab’s lysimeters. Reusing drainage to irrigate crops

office. But Rhoades worked with more junior scientists to continue in carefully planned rotations and in alternation with fresher water

the drainage reuse studies in the Imperial Valley starting in 1982. supplies, Rhoades showed, could give farmers two chances to con-

Again funded by the Department of Water Resources, Rhoades this centrate their drainage instead of just one. Each reuse reduced the

time designed an elaborate trial involving two cropping- rota- volume bf the drainage watgr a little bitfurther, as part of the water
tions~wheat, sugar beets, and cantaloupes in ot~e plot and cotton; evaporated and part was used by the crop. In the end, Rhoades

wheat, and alfalfa in the other. Both ran for four years in the Im- estimated that total drainage volumes could be reduced by 80 per-

perial .Valley’s twelve-month growing season, producing two full cent through a combination of minimized leaching and drainage

rotations of each crop in the first case and two cotton crbps, one reuse. Though the remainder still required disposa!, reducing the

wheat crop, and two full years of alfalfa harvests in the second ro- total quantity of the drainage would make that disposal both easier
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and more economical, just as it had in the Wellton-Mohawk Val- No farmers are going to voluntarily do this, and I never believed that,
ley’s minimized leaching trials. Carried to its logical conclusion, even in the very beginning when I started this work. l never felt that

farmers are going to jump on the bandwagon and gO rushing up andthe process could reduce drainage volumes to a mere trickle by down the road congratulating me, because they all com~ from a dif-
adding a final rotation of extremely salt-tolerant plants such as eu- ferent viewpoint: "Just give us more good-quality water. That’s the so-
calyptus or Atriplex. lution." But when push comes to.shove and they’ve finally got to start

And yet, on a gray winter afternoon more than five years after to do some things, then at least they’re going to have some evidence
the Imperial Valley experiments had concluded, Rhoades sat in his and some understanding to base it on.

office at the salinity laboratory and lamented the lack of acceptance
his methods had found among desert farmers. Rhoades by that
time was the lab’s director. Age had softened some of the rough
competitive edges that had led to his earlier battles with the other
scientists, and former rivals now applauded his newfound col-
leagueship and leadership skill. "I couldn’t be happier with what
I see happening at the salinity lab right now," Rawlins said. "! think
that it’s never been in better shape than itis right now, and I give
a lot of credit to Jim Rhoades." The lab’s minimized leaching and
drainage reuse concepts also began to win much wider acceptance,
at least among water planners. In 1990, when five agencies in-
cluding the Bureau of Reclamation and the Department of Water
Resources completed a five-year, fifty-million-dollar study of the
San Joaquin Valley’s chronic drainage.problems, they gave a vig-
orous endorsement of minimized leaching and drainage reuse as a
key feature of their proposed cure.

Nevertheless, acceptance from desert farmers has been slow to
come. For the most part, the farmers still see salt as the enemy, see
salt balance as a necessity, and believe with all their hearts in a 30
percent leaching fraction. "They don’t want to use saline water vol-
untarily," Rhoades said. "They all believe that it can only lead to
trouble for them, so they want to avoid it." But he remains philo-
sophical about the lack of progress. When farmers finally run out
. of places m dump their saline drainage, he reasons, then they will
be ready to listen to him and change their practices. When that
happens, Rhoades and the other salinity lab scientists will have the
techniques the farme .rs need, ready and waiting for them. Rhoades
said:
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retired tinkerer and a pair of younger, ambitious agricultural sci-
entists, they showed the world how the ancient Sumerian art of
.irrigation could be reborn in the age of high techhology.

CHAPTER ELEVEN
The life story of Simha Blass has become a legend in the world of
irrigation technology, and like most legends, it now consists of
about equal portions fact and fantasy. The basic story goes some-

AVision .!or the Future  rom
the Israeli government’s water resources agency, and was working
with his son to develop new irrigation technologies. One day, he
was transfixed by a slowly leaking sprinkler head and the green
and vigorous grass that surrounded it. Watching droplets of water
gradually swell before breaking loose and striking the ground,
Blass began to ponder drip irrigation and its problems, which by

B t~RLE6 SO~a~W~ER~ m the archivesof the U.S. Patent Office then must have seemed insurmountable: the clogging; the cost; th~
is an 1874 document describing the first device ever invented challenge of ensuring that each outlet emitted the same amount of

for drip irrigation. It was a model of simplicity, consisting of an water despite pressure variatiohs within the pipelines.
iron pipe drilled with nearly microscopic holes to let trickles of~ Soon Blass set to work in his garage, experimenting with dif-
water dribble from its slightly pressurized innards--an ingeni6us ~ ferent designs and materials. When he emerged weeks later, he had
device, but one that was fatally flawed. For one thing, it cost too developed a new plastic dripper whose design was distinctly dif-
much. To irrigate a fair-sized orchard would have required many ferent from the failed earlier models. Whereas the others had con-
miles of pipe and a correspondingly enormous outlay of capital, sisted simply of holes drilled into pieces of pipe, Blass’s new device
Besides, it didn’t work. The tiny holes clogged almost instantly; added a serpentine internal passage that the water had to zigzag its

¯ corrosion and bacteria sealed them tight in a few days if a sand way through before reaching the outlet. Forcing the water to take
grain didn’t do the job first. Nor surprisingly, the device never Went such a tortuous route accomplished two things. First, it created
into commercial production, turbulence, which helped to keep sediment in suspension and re-

In the decades that followed, other inventors tried to perfect duced the buildup of algae and bacteria. Equally important, the
similar devices. In the 1930s in theGoulburn Valley of southeast- complex switchbacks sharply reduced the pressure of the water as
ern Australia, growers punched holes in galvanized pipe to water it passed through them. This meant that Blass could use high pres-
their fruit trees, but their efforts fared no better. Throughout the sure to even out the natural pressure variations while maintaining

first half of the twentieth cen.tury, eager inventors experimented a slow rate of drippage. It also meant that he could make the drip
with various iterations of perforated pipe, but none succeeded~ orifices themselves considerably larger than those on earlier

not until 1959, when the development of cheap, durable plastics pers, which helped to reduce clogging. Blass’s new device with its
allowed the invention ofa workable drip irrigation device by three zigzagging drippers enabled irrigators to l.ace their fields with high-
men from the new and intensely aridnation of Israel. A resourceful pressure water lines leading directly to each individual drip outlet;
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then, with no moving parts, the drippers, magically transformed ground instead. Of below it. In time, they not only proved that it
the high-pressure water into a lazy dribble. The device was reliable was in fact possible to grow crops in the Arava with drip irrigation
and cheap, and it seemed to have strong market potential. Soon but also showed that simply by mixing fertilizer with the irrigation
Blass had licensed its manufacture to Kibbutz. Hatzerim, a small water, they could produce yields twice as large as by conventional
collective farm that was looking to diversify into manufacturing; farming methods. "The results that we received were otitstanding,"
thus was born Netafim, one ofthe world’s largest producers of drip Goldberg said in a 1990 interview, "I have pictures, slides, where
irrigation gear. you can’t see me for the tomatoes."

But success did not come as quickly as Blass and his~parmers Goldberg and Shmueli’s work in the Arava resulted in a 1970
might have expected. In initial trials in southern Israel’s Negev article in Transactions of the American Society of Agriculture End-
Desert, the new drippers failed miserably. Early experimenters, neers--a paper that sparked interest around the world in the new
hoping rouse the devices to reduce evaporation to its absolute technology. Four years later~ there were two world congresses on
minimum, buried the drip lines in the ground, where they quickly drip irrigation, and by 1982, an estimated one million acres world-
became clogged with sediment and root growth. Digging up the wide were on drip. systems. In later years, the lsraelis exported
lines for repairs was hugely expensive, and for a while the promise their innovation everywhere, even to their erstwhile enemies: by
of the new technology seemed like another cruel hoax. But then in 1990, only one nation outp, aced Israel in the proportion of its farm-
1964, the Hebrew University opened a research station in the land watered with drip, and that was its neighbor, Jordan. Mean-
broiling Arava Valley of extreme southern Israel--a below-sea- while, scientists at such institutions as the Hebrew University, the
level oven lying between the Dead Sea and the Red sea. The Arava Volcani Institute, and Ben-Gurion University of the Negev used
is the lowest point on earth not covered by water; a-permanent drip irrigation to reassess old notions of what constituted usable
low-altitude haze smothers the valley like hot fog.. At the time, water. In the Arava, Goldberg and Shmueli had tapped into brack-
there was not a hint of green on its saline brown and gray soils, ish aquifers to irrigate their crops; they found that by using drip-
and there was no good water to speak of. Yet Israel, worried that pers to k.eep a Constant flow of water through the root zone, they
its unpopulated frontier was vulnerable to then-hostile neighbors could prevent the spikes in soil-water salinity that resulted from
like Jordan and Egypt, was determined to promote agricultural set- the wetting-and-drying Cycles of traditiona! irrigation.. That, in
tlement in that bleak desert basin. The station’s assignment was to turn, made it possible to use water of higher salinity for irrigation:
find a way to make that possible, as long as there was no further increase in salt concentrations as

To staff its new research post, the un.iversity sent S. Dan the water moved through the soil, the plants were in no osmotic
Goldberg, a Jerusalem-born irrigation lecturer, and Menachem danger. In succeeding years, one Negev kibbutz not far from Sde
Shmueli, one of Goldberg’s r.ecent graduate students and an ira- Boker successfully grew sweet corn--a .notoriously salt-sensitive
migrant from the prewar Netherlands. During the next two years, cr0pwwith brackish groundwater that had a salinity content of
Goldberg and Shmueli worked closely With newly established kib- about three thotisand parts per million, about three times as salty
butzim to create fertile farmlands from the harsh Arava plains. " as the C~.lo’rado River at the United States--Mexico border. Other
They sowed winter vegetables for European markets and installed scientists focused on breeding plants that could tolerate still higher
elaborate drip systems, this time with the lines running over the levels of salinity. At the Ben-Gurion campus in Beersheba, Samuel



208 Mirage A Vision for the Future 209

Mendlinger, a New York-born plan. t biologist, came up with a traverses the forty-eight mile~ from Yam Kinneret to Tel Aviv, pick-
melon that tastes like a canteloupe, matures early enough for lu- ing up small amounts of spring and well water along the way to
crative export markets, and thrives on water with salinity at four mix with an initial infusion of water pumped from the lake where.
thousand parts per million. At the Sde Boker campus, Jiftah Ben- Saint Peter fished. At Tel Aviv, the pipeline splits into two branches
Asher tinkered with nutrient levels for drip-watered plants and and continues another sixty miles to the northern Negev, an arid,
proved that the simple expedient of adding fertilizer can help many mosdy barren extension of the Sahara that occupies more than half
plants adapt to water of. higher salinity, of the nation’s territory. That precious Water, pumped uphill more

Behind all of these projects lay .a peculiarly Israeli combination than six hundred feet from the Kinneret and across more than a
of meteorological realism and Zionist ideology. An. emphatically hundred miles of terrain, now supplies virtually every farm, home,
dry nation, especially in ~ts southern half where most of its arable and business within the pre-1967 borders of Israel. But this Water
land lies, Israel from its birth in 1948 has searched, struggled, and is not nearly enough for a nation that, despite its aridity, yea.ms to
sometimes fought for water. Water has always been an impo~- be agricultural.
tant--though often unrecognize.d--factor in the conflicts between From the start, agriculture has been deeply engrained in the Zi-
Israel and its neighbors. When in 1965, two years before the his- onist ideology that defines modern Israel. It is considered a key to
toric Six-Day War, Syria began constructing diversion works on a the nation’s military security--setded land being far easierto de-
Jordan River tributary called the Banias, Israel attacked,, stopping fend than empty land--and its economic survival, and it is pur-
construction and raising tensions. In the subsequent war, Israel sued with a single-mindedness of purpose that borders on the
seized not just the nearby Golan Heights, from which ramparts messianic. The nation’s first prime minister, David Ben-Gurion, ex-
Syrian soldiers had been firing on the kibbutzim below, but also horted his compatriots to "bloom the desolate land, and convert
the lower-lying headwaters of the Banias, which posed no military the spacious Negev into a source of force and power, a blessing to
threat. Israel also has clashed with b6th ~. ~ ~- and Jordan ov.~; the state of Israel." In retirement, Ben-Gurion kept faith with his
those nations’ claims to the Yarmuk River, ~i,,~,erJordan tribtitary words and made his home on a Negev frontier kibbutz abutting
that joins the main stream a few miles below Yam Kinneret, the the desolate Sde Boker campus of the university that bears his
biblical Sea of Galile~. And critics have suggested that Israel over- name.
ran the highlandsof southern Lebanon in 1982 partly in order to "The Zionist ideology fostered a return to the land," explained
divert the Litani River, which drains the Bekaa Valley before emp- Moshe Brawer, a Tel Aviv University geographer. In biblical times,
tying into the Mediterranean just north of the Lebanese-Israeli when the Jews last had their own state, the principal occupation of
border, most had been agriculture; its revival would link the new Israel with-

This lust for water was driven principally by a severe shortage its ancient predecessor in a palpable way. But that was not the only
of it at home. Israel’s water ~esources, always few and fragile, are factor; pragmatic issues of security were at least as important. With
concentrated in the rugged Galilee region of the country’s north. ~aves of immigrants arriving, Israel had severe food shortages, and
To move water from there to the dry but arable south, the nation surrounded as it was by hostile neighbors, self-sufficiency seemed
began shortly after independence ~o construct a 108-inch pipeline to be an imperative. In addition, the new nation’s grip on its sliver
called the National Water Carrier. Finished in 1964, the pipeline ¯ of real estate was so tenuous that land settlement was considered
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n’e~essary for national defense, ju~ as it had been on
¯ .. .
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Harris, son of Westlands pioneer Jack Harris and a major power nual floods; that animals had never been put to work in the fields;
in the valley’s agricultural establishment, is gradually converting that the British had never diverted the Indus rivers to faraway des-
his seventeen thousand acres of tomatoes, cotton, and vegetables erts; that the Colorado River still ran red to the Sea of Cortez; that
to a subsurface drip system using a lightweight plastic drip "tape" the miracle dwarf grains of the Green Revolution had never been
buried eight inches below the surface. The tape is cheaper than developed, nor the chemical fertilizers and pesticides and i~riga-
heavier drip hoses, and because it’s buried shallower, it’s less ex- tion ~systems required to support them. Suppose all this were true,
pensive to install. On tomatoes, the system uses 40 percent less and then imagine how sparse the world’s population would have
water and produces more and bigger fruit, with less rot because to be. At the birth of the Nile, Indus, and Mesopotamian civiliza-
the tomatoes don’t rest on moist soil. Not far away from Harris, tions, the entire planet held fewer than 100 million people, maybe
another grower converted 750 acres of raisin grapes to sui~surface far fewer. In the mid-nineteenth Century, at the dawn of modern
drip and cut his water use in half. His vines are now healthier too, .irrigated agriculture, it had about 1.3 billion. By the 1950s, when
Phene said, because unlike surface irrigators he can continue Asian famines prompted the research that led to the Green Revo-
watering them during the three-week period in late summer when lution, there were just under 3 billion. Now, at the end of the twen-
growers lay paper trays of grapes on the vineyard rioor for drying, tieth century, with high-yielding seeds and modern, massive

Still, most valley farmers remain wedded to the tried-and-true irrigation in use on every continent except Antarctica, the world
methods of gravity-powered irrigation, Phene said. "There is some has more than 5.3 billion people.
conversion to drip irrigation, but by and large it’s relatively small Yet except when food supply lines are disrupted by wars and
scale. California has close to ten million acres of !rrigated agricul- other disasters, almost all of the world’s current multitudes are- fed
ture and maybe one-half to three-quarters of a million acres is drip- at least enough to subsist. The proportion of people who go to bed
irrigated. And the drip-irrigated acreage is mostly on trees and hungry has actually declined in the past forty years, from 23 per-
vines and high-priced crops like strawberries and some vegeta- cent in the early 1950s to 9 percent in the mid-1990s. Without
bles." Besides the up-front capital costs, Phene said, the main ob- irrigation, this almost certainly would not be the case. Take away
stacle to greater acceptance of drip is ignorance: the extra increment of yields attributable to th~ use of imported

water, and the food surplus that enables the world to carry its cur-
Most of the farmers, they don’t know anything about it~ The young rent population would quickly vanish. In this light, two discon-
guys have a tendency to go easier; it’s easier for them to see the dif-
ference. But the guys who have been around for twenty or thirty years, ~erting trends are worth nothing: world population continues to

they don’t want to change. They are used to doing things one way, and spiral upward, with current estimates now projecting 8.6 billion
they’ve been successful, so they figure why should they change? And people by 2025, less than halfa lifetime from now. Meanwhile, the
they won’t change until somebody pushes them enough to do it. productivity of the planet’s hard-won irrigated acres,-now respon-

’: sible for one-third of the world’s food supplies, is stagnant or in
decline, with some 150 million acres--25 percent of what was

What ends up pushing the farmers, and the society they feed, may brought into production over a century of feverish dam and canal
be simple survival. Suppose for a moment that the progress of hu- construction and water diversion--now affected by salinization,
.man civilization had stopped at the hunter-gatherer stage. Suppose waterlogging, or both.
that the Nile tribes had never sowed seeds behind the rircer’s an- Some experts foresee a Malthusian crisis in decades to come.
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"Soil erosion, air pollution, soil compaction, aquifer depletion, the increased per-acre yields by tinkering with its inputs. At first,

loss of soft organic matter, and the waterlogging and salting of ir- farmers saved seeds from their best plants and set them aside for

r/gated land are all slowing the rise in food output," writes Lester the next year’s crop. Later, plant breeders began crossing strains

R. Brown, president of the Worldwatch Institute. "At present there with desirable traits to produce superplants, like the dwarf wheat

is nothing in sight to reverse the worldwide decline in grain output and rice of the Green Revolution. Now, scientists are using the

per person. The bottom line is that the world’s farmers can no polymerase chain reaction and other genetic engineering tools to
tinker with the DNA of ~plant cells to produce still stronger andlonger be counted on to feed the projected additions to our num-

bers." Malthus, of course, was wrong in his p~edictions of an more fruitful crops. Chemical fertilizers supplanted manures after

eighteenth-century global population crash, and these latter-dayt " World War lI; today’s high-tech organic farmers are nourishing

e~.perts may be proven wrong as Well. But Maltht~s .erred mainly

I

their soil by planting leguminous cover crops in their orchards and

iri ,~,.’i!. ~g to foresee how industrialization could.stretch scarce re- vineyards and planning complex crop rotations that include nitro-

so.,,.. :~ to accommodate a burgeoning global population. Whetheri fen fixers. Water management made its first great leap forward

agri~lture in the twenty-first century will be able to perform a when the British diverted the Indus rivers; then, during the twen-

similar magic act--building on the technological advances of the tieth century, it made another with the introduction of plastic si-

last century and a half without losing ground to side effects like phon tubes and laser-guided land levelers, devices no Sumerian

saIinitymremains an open question, could have dreamed of.

Still, there is good reason to be hopeful. At present, agriculture Now it is time for another great leap. Drip irrigation, or some-

worldwide is not even close to making full use of the technological thing like it that is s,,.-,~",,,,,~.’~v stingy with water aiad allows farmers

innovation~ that have brought it to this point. The recent history to micromanage their crops’ water ~ind nutrient rations, would

of agriculture is characterized by a steady rise in average yields complete the technological revolution that the British engineers be-

brought about through increasingly more efficient management of fan a century and a half ag0, just as genetic engineering has the

the inputs of production. Today, the popular image of the farmer potential to complete what Gregor Mendel began with his pea

as a barely educated bumpkin is laughably out of date, at least in plants in the monastery:When the British diverted the Indus rivers

the developed world. Farming these days requires degrees in they transformed the ancient Sumerian art and gave the world the

agronomy, familiarity with personal computers, and a good work- ability to feed its teeming populations of the twentieth century, but

ing knowledge of chemistry, botany, and economics. Producing the transformation was left unfinished. In the Indus, where i!lit-.
erate peasants today struggle with one of the world’s most tech-crops is now much like producing manufactured goods. The man-

ager of a large farm today has more in common with a General nologically complex irrigation networks, the introduction of Green

Motors factory superintendent than with a backyard gardener. In- Revolution wheat seeds by itself boosted yields by 60 percent in

stead of steel, rubber, and fabric, the farm’s inputs are sunlight, two years in the late 1960s. But yields there and in other devel-

nutrients, water, and germplasm; its machinery is the soil;, and oping nations from Mexico to Morocco still fall short of what they

nature does much of its labor. But the process is strikingly simi- should be, mainly because farmers lack the training necessary to

lar. And just as the automakers have increased productivity by manage their fields to the demanding standards of the last decade

investing in new factories and new materials, so has agriculture of the twentieth century. Meanwhile, in developed nations like the
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United States, even well-educated farmers Cling to outmoded that it is still uncertain whether this civilization of ours, on the cusp
methods because they won’t accept the risk that accompanies of its third millennium, will continue to prosper or collapse like
change. A 1982 study by the United Nations’ Food and Agriculture its predecessors.

¯ Organization estimated that there is enough farmland, sunshine,
and water on the planet to support not five or ten billion but thirty The climate of the valley of the Tigris and Euphrates rivers has
billion people.--but only if all of that land is managed to maximize changedlittle over the millennia. It is a desert today, and it was a
yields w~th technologies that are now in use. A world with thirty desert at the dawn of Sumerian civilization forty-two hundred
billion people may be frightening to contemplate, but a world with years before Christ. At least eleven empires have risen and fallen
ten billion is probably a certainty within the lifetimes of today’s in that arid valley, but today modern lraqis are able to produce
children. Highly efficient irrigation systems, and the concomitant only a little salt-tolerant barley there, even after spending vast sums
increases in the efficiency with which nutrients are deliveredto of money to reclaim the salt-poisoned soil. Five thousand years
plants, may be all that will permit agriculture to make a graceful ago, in contrast, the ancient Sumerians grew bountiful crops of
transition into the twenty-first century, when it will have to feed wheat on those same lands. Their surpluses enabled them to ex-
twice as many people as today. .pand their city-states from their bases in the southern end of the

Considering the evidence to date, the transition is notat all cer- valley; they built fortifications, raised armies, and attacked their
tain to be made. The environmental side effects of moderu irri- neighbors, just as modern civilizations are prone to do. They pros-
gation are creating problems all over the world in places like the pered for at least a thousand years..But today, the southern Meso-
Kesterson National Wildlife Refuge, the Tulare basin, theColorado potamian plain .is a lightly populated and impoverished region,
River delta, the Aral Sea, the Riverine ~Plain, and the valleys of the insignificant in comparison with the mo.re prosperous central and
Nile, Indus, and Tigris-Euphrates. In-some places, as in Pakistan, northern parts of Iraq.
the damage is already severe; in others, such as the San Joaquin What happened? What could explain the slow but calamitous
Valley, the reckoning may be still a few years or decades away. But decline of the world’s most highly developed civilization--a so-
there is not much time, An expert study completed in 1990 pre- ciety that achieved literacy three millennia before Christ? Some
dicted that 460,000 acres of the valley’s irrigate.d farmland may go clues were provided hy a grouP of anthropologists from the Ori-
out of production because of drainage problems by 2040, at a cost ental Institute at the University of Chicago, who deciphered cu-
of nine thousand jobs and $441 million in crops. Meanwhile, pro- n’eiforms and other rec6rds and found evidence of an ancient
duction on irrigated land worldwide is stagnant on average and " dispute over w.ater that turned disastrous. Two Sumerian city-
declining in many places. And even aside from any loss of pro- states shared a watercourse that struck out from the Euphrates into
duction, as world populations continue to double and redouble the desert.About ~400 B.c., the upstream city, Umma, decided to
they may soon outstrip the gains won by decades of improved cut off some of the flow to its downstream neighbor and keep more
plant breeding, nutrients, and irrigation. No one knows for certain " of the water for itself. The downstream city, Girsu, responded by
when the two curves of population andfood production will meet, building ~ canal in the opposite direction that linked with the Ti-
or where the first effects will be felt. All that can be said safely is gris. The new canal was safe from Umma’s larceny, and with its
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.water supply secure, Girsu continued to thrive. Over the succeed-

ing years, it gradually enlarged the Tigris canal New lands were

irrigated, and more water was made available to the surrounding-

plains. But with so much water at their disposal, Girsu’s farmers

. became p.rofligate in their water use. They over-irrigated, and with
nowhere else ,o go, the excess water merely seeped down to the mvt,ograpny
water table. Slowly, the water table rose. The groundwater, which
may have been only slighdy salty at the time, was wicked up to-
ward the surface as if through a sponge. After several centuries, so
much salt built up in the soil that wheat would no longer germi-
nate. Because the predominant source for this book is the author’s decade of

The anthropologists counted the impressions left in pieces of reporting on desert agriculture in California and elsewhere, this bibliog-
-~. carbon-dated pottery by the different types of grain and found that raphy is not intended to be exhaustive but rather a summary of major

wheat farming had been almost completely replaced by barley in published and documentary sources for each chapter. Those who want to

the lower. Mesopotamian plain by 1700 B.C.; tWO thousand years read more on desert agriculture and water should start with such books

earlier, the region’s production had been equally divided between
as Tom Harris’s Death in the Marsh (Washington, D.C.: Island Press,
1991); Mart ;,: :;.her’s Cadillac Desert (NewYork: Viking, 1986) and Over-

the two grains. Eventually, the soil grew so salty that even barley
tapped Oasis (Island Press, 1990); Philip Fradkin’s A River No More (Tuc-

refused to germinate. When that happened, ancient Sumeria went son: University of Arizona Press, 1984) and other titles by the same
into eclipse, and the locus of Mesopotamian civilization quickly author; Donald Worster’s Rivers of Empire (New York: Pantheon, 1985);
shifted upstream toward what became Babylon. What had started and Norris Hundley’s Water and the West, Dividing the Waters, and The
as a great civilization based on a successful irrigation system ulti- Great Thirst (all from University of California Press). John McPhee’s Rising
mately was transformed, by virtue of over-irrigation, into a salt- from the Plains (New York: Farrar, Straus & Giroux, 1986) is an excellent

¯ poisoned wasteland, read on selenium and its geology. The Worldwatch Institute’s annual State

At more than 3000 years, the longevity of the ancient Surfierian of the World (New York: ’Norton) reports and its other publications do an
civilization exceeds that of any other civilization to this day. In con- outstanding job of illuminating the otherwise neglected threat of stagnant

trast, what we have built in the world’s arid regions in modem or declining agricultural yields in the face of steadily rising populations¯

times is still in its infancy. It has been only 150 years since the

British overran the valley of the Indus; less than a century since Chapters 1, 2, and 3
the Bureau of Reclamation was founded; not even five decades The literature of irrigation and the development of the U.S. West is a trea-

since the Central Valley Project was built. Without a sustained ef- sure trove; the titles below represent a mere sampling. The Bureau’of Rec-

fort to head off the disastrous side effects of that project and others lamation publications listed are the best resources for lem aing about the

like it, future archaeologists may be left to puzzle over what be- broad sweep of the bureau’s works in the seventeen states that it serves.

came of us as well.
In addition to the sources listed below, many of those listed under chap-
ters 6, 7, 8, 10, and 11 were also used in preparing these chapters.


